ERIE I 2] 5 MY % pp. 321-330

20134F10H VERTEBRATA PALASIATICA figs. 1-3

Ancient DNA from wild boar fossils in Guangxi and its
implication for pig domestication
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Abstract Pig domestication has long been an issue of interest in archaeology and genetics. As
the real-time carrier of the genetic information for historical or extinct animals, ancient DNA may
provide continuous molecular evidence for tracing the history of domestication. We collected 30
wild boar fossils of Late Pleistocene from three caves in Guangxi, Southwest China. Through the
use of the fragmented ancient DNA sequences from southern China and homologous sequences of
both domestic and wild boars across Asia and Europe, we reconstructed the Network phylogeny
of the pig family. The results agree with the multiple-origin-center-theory for pig domestication.
Moreover, we found that the wild boar individual from Guangxi clustered into the European
haplotype instead of the Asian one. It seems that there is no genetic contribution from the wild
boar to the domesticated pig in Guangxi. We suggest that the previous opinion of independent pig
domestication event has occurred in this area need reconsideration and further investigation.
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KESME, HE— PR T FG 2 MR IR U S RSV ARG S LA RN A 1 SE
BRI HT , J& T WO SR AUH L, DTN X 12l DR R G st A% DTk T RRCAG,
Z TR ER S O T PO X GO R IR A HEI R T R RE

KA RGHEY, YL, HDNA

REGESZES: Q915.876 CHAFRIZAE: A XEHRS: 1000-3118(2013)04-0321-10

BF 3% (Sus scrofa) i P AR B Az —, SARIEHXRZ %D, H
N BB R EYIRIE . 3 F 2 AN Y MG G s, 5 ARG IIA
e—8. Bk, XPEIIEDT s wrse, ol s ARG S EE, M AZEIERS I A2k
FE 2 MR R A BB AR TR AR ) R AR SR AL UE . Dobney 45 i (& 48 (L 4 A%y
SRR HEWTIE e R WIAL & AETEY kaRi(BAHIZ, 1998). IEAERD T AR A
WYL IRAL T M —FERAE, BENAnE BV 8B T S S5 RN R 4% B kST
AU IR (Giuffra et al., 2000; Kijas and Andersson, 2001), 217, T YIS A0 555 E
BN, JEF IR B B8 T i DIt B AR R e e, JETIEAZEM
ot 2 AT R A2 8RR . e TFAEYeE I, TR EIEHER A8 AL S I N
EMAEAERIA N TAF,  AGE X IFERE S T, IR DS Rk
FREYALHEA T RS, 2010), VT4FA, BEH HDNAFARANGE, K ALY
AT DNATE BT LU IRA Rl 4y, SEAFST & B T E M Rr AR T s Ak sh 45, Mg
VI IR ) A T ARG DI S,

R DNARFSY AL AR, Watanobe et al. (2001 AT IGERF ST, WE T /AT
S~8H40 AL ) 8 TR 7% va SC Ak i K abukaiist bl o & 8 (0 424 i TR REAS 1 22
R HIIX S, i S HAS S Ak 45 X B FE DN ARSI 5 e, #fEmliZ s ik
M AR DO R AR I XA T O B R 2 s R AR G KB B R SRS S B
Watanobe et al. (2002)534T T 12 5 12025 1380300 H = 1336515515 FF 5 119 574 bp Ry Zekiik
$EH 2H (mitochondrial DNA, mtDNA)/F41, AR 2DTFEATTHIB A, WK ZH
B AR Mg . Watanobe et al. (2004)I 72 T H A 513 se i AR st bk i 656515
AMRLRLAYEHIIX 574 bplF s, FRHIMEHL A A8 N 12 JE A R s e S e o A
FERRE HAE, RN B R A S AR AT E T2 kaRif K44, Larson et al. (2005)F ] 44 {4
TR B SRR SE R AL 5 T I ASE BIN SO R IR AL, 2 H BRSO 2 Mo R 0L
H WFSE B E 3 AT RO 22 14 1 AR I3 23 A IR SERE AR Y 8 e A4 5 DR 2 s A s o IX.
FEa, R [ IR BRI FE R A e B AR AR, (A b A WO 7 4 th P e 780 4%
FWHIHEZ TG, FFPERA RO TG R T B RS . X —WF 5 il sk
MV 255 BT A A A R R U 24 s X e 7 (R GEBE 8 D S 386 n T BF 22 ) E 4 (Larson et
al., 2007). 20104 Larsonil_[F]rh [E 223, 4546 184 A& FI15001BLACSE () Lok A I 4]
HEE, U TS84 o N I st B s, N AR T o E AR
WHRIEYALTT L, 38R ZABAF AT 12 (B 2 &R A bR BLOAE W R A L T
FITTRk . T RAE(2012)iE i 354k At DNAWFFT Bl R 8 O A g s, A5 H ] i duk
WAEEF RGP, IR AR E BN

ZEAE | RREIR(1978)XF ) PE R A s ik sh A R T A WA o & B b rP AR I 3R
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WA A, AR E A DX stk P SR A A, TR A TE9 kafi,
N RIZH X F AT YIAE Y . Larson et al. (20101 isk X 2l A4 35k PR 21 v AR 2 i) X
IR T A X AR IR RS, A R AR 6 s Wbt . Horp
Fris i E WA I TR O ARG TP L AR AR ALK, P T P HBIX
HE IR B A 43 A A E e B HOR MO DAl . ARBFFE I T P HBIX 30 MG AL A1 FE
A, EHIE ARG A T AR AR I R 2 B 4 €2 2K b (cytochrome b, cyt b)FE[H
J¥5, FIH T DNATE B S IRETE R4S, 256 GenBank ¥ FE T FIEIT 51, 54T R
GRB T, MR RTRIE TP HLX 5 iR IR I R A 0 o A e d

IR

L1 SK3amHY

A5 R (Sus scrofa)fbARE 43 1R B ) P9 H A DR T TR B LR
(23°14'53"N, 108°22'51"E), 22 AT AM ILIXIZEIR (22°17722" N, 107°30'49" E) R4 A2 11 5%
CLLR (22015147 N, 107°3122" E) =i (B11) o X LT K55 CL ULl P9 B A i it ik A T
AV A il 227545 B I AR 25 5 43500 A 48 1.3~2.4 5 FI3~5 7 4F 5 HOWIRTR sl A i 8L
WG (Elephas maximus) . €/ B 3 (Megatapirus augustus) . IR N (Homo sapiens)
FEF 3 (Sus scrofa) 525 J@ Fh i FLRHA QN A e SRt o = b i B9 ot AN B oy
DNA 107 -1 IS R AF4EBR (Hofreiter et al., 2001; Willerslev et al., 1999), &£ 5 HAK(5
B

1.2 SI4&IE MK

MNCBI (3 [H E 37 AE P ARG B R EER S Picyt bREH2)F5, &3R5
HAY 692029, fifi[f]Primer Premier SE/F(EE 4%, 2008) B3t 1 10X 59, Hir
B }100~145 bp (%5 19F41); i1t OLIGO 7T 1H — 5% | B KIREMGC
E AT T PG (Barnard et al., 1994; Rychlik, 2007), 514 i g 5 0 m A= My RHA

B 1 SRAE A

Fig. 1 Location of sampling sites
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Table 1 The basic information of Sus scrofa tooth fossils from Guangx

FE i 25 Sample Number AT Age RAEHL A, Locality
LSD-01~15 13~24 ka Loushan Cave, Wuming
CMLST-0911-205-01~06 30~50 ka Shuangtan Cave, Chongzuo
CMLST-0911-304-01, 02 30~50 ka Shuangtan Cave, Chongzuo
CMLST-0911-328 30~50 ka Shuangtan Cave, Chongzuo
CMLST-0911-321 30~50 ka Shuangtan Cave, Chongzuo
CMLST-0911-385-01, 02 30~50 ka Shuangtan Cave, Chongzuo
CSN-0811-015 Late Pleistocene Nongha Cave, Chongzuo
CSN-0811-137 Late Pleistocene Nongha Cave, Chongzuo
CSN-0811-201 Late Pleistocene Nongba Cave, Chongzuo

PR Rl e

1.3 H@ATAIE 5SDNARREL

FEMETANBRAE & I TAE G T, SRR AR S B S 10% K SR B
W HE910 min (Krings et al.,1997; MacHugh et al., 2000), 42588 5w HEE 19245,
— KRG BT bR AR R AU, P — KRS VIR A BEER
HSE RIS SR R o S R e FH AR TR e R ENIR I . T /K o PE R R AT R
B R EBRIMNEDNAR TS Yy PRSP R o i e | AP R A LUk S
f 2 B A AE S5 e o AEALRR Sl AR B 5E DL 76 38 JXUHE P FH 109 Uk SRR B I T I 45
AR RS /024 he

WDNATREC: AR50 mg By, FMBEES(2009) B 5 L TR, $RHL
R LLTC KA s RO R, IR AR PCREFPE X BRI, DANEIN SE 56 ft rp
ToK AL FARN . SLRARTI SR 1SN EDNATE e SBE AL 1] 28 55

1.4 PCR¥ 54k

TDNAKZ LUR . & B 5 Bk 77 sUfE7E (Kuch et al, 2002). 8 T #5414 58
YR, ALK K FHZ EPCRY 1 7 (Krause et al., 2006), PCRZ AR F B& 20 pL,
£1452 uL 10 x PCR buffer, 2.8 pL MgCl, (25 mM), 2.0 uL BSA (10 mg/mL), 0.5 L. dNTPs
(10 nmol/L), 0.15 pL Taqff#(5U), 4575 ¥ #7250 nmol/L, PCR W 45140 : 94°C, 9
min—(94°C, 25 s—51°C, 30 s—>72°C, 35 s) x 30 cycles—72°C, 10 min—10°C, 4 h—end, %
BCEFREAHTEMW . 25 A BRI PP E I PCRY 38 729, 2% I B B AR I F Tk D11 e [l
W, R etk & (QIAGEN, B E)#FFT4lifk .

1.5 =ERMNF

Fralife r s B BOZE 28 PMD-18T (Takara, HA)EAK I, 4Calk, #EE= W%
b2 IRAZ B ANMEIML09, BB SN EHE . IPTGHX-Gal Y LBEAEE 73 I,
37CHEKGT . FE4CURA T B 5 AT B Pk ES S A BET 37 CHR 7 B 9%,
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B pLE RS, 95°CHERI0 min, FHHLS pLi R M 5 100 14, Hi kG
P & BARIF 0 sa b1, 3% pe o 4 i 2B BB FRA BT . P45 H
Chromas2 23% {45 B H A%, KBS IR ABRIEEIE . By 58, (4~ — 5
SHTEH

1.6 BIESHF

M GenBank {1k 2 O & R0 F A FIEFRE LR Aoyt bR JF51232%%, i@ BioEdit4k
F(Tippmann, 2004)%F B84 54 751 5 A0S [R5 91 264 70607 HES 3l LT TAROE . il
FIMEGAS.05%%{(Tamura et al., 2011)#E47 LT 53487, FFNetwork4.600%% /4 (Bandelt et
al., 1999)#J#HMedian-Joining Network %24 5] ,

2 ZEREr

2.1 HDNARZEUEPCRY 845 R

JUPEH R F R X A SR 30 A T, N2 RE A B FE MY 25 R, o S
i E40% (K12). P alrg Rk LR | 5220 AHE LSRR AN 5T B LR RE & 1 T DN A BT
B R33%, 33%H1100%. FEBEE PSR, 45 R ol 887 51 Re1S 2] 5 56
— YA HAH R A PP S0 25 5, i A 8 A i B 48 2 R SR A AL RN o R 2 A A5 3 ]
BEIRIERSEBR A SR . Y B P A S, SRR AR 2 T L M 455 [0 3 1
Tl A BB A R B Rk, 1055 90 H A 84 20 Sl MAS [RIRE i A5 31 1 47 1

PE/PRs |
’ @ CWRIF  non-replicated <&
PEy/PR |- O BIE eplicated
PE,/PR, |-
. PF /PRy [ o ¢ PN
g o~ .
£ PCy7/PCig L P S
R e e
= PCyPCyg |- 7S V'S o o P
PC,/PCq |- S @
PC5/PCq - ¢ o o O ¢
PCy/PC, | P
PCIPC, - @ TS ¢
1 1 1 1 ! 1 1 1 ! 1 1
NN SR N % N RN > PN
’ SN S ¢ W & > X )
\»%Q \»%Q \»%Q \f’o N 5 > K& S

FESLS S Sample numbers

K2 FEah oL
Fig.2  PCR results of 12 samples



326 I 7/ B 51%
FEH, SRR IA80%

2.2 ZHRIADNAT RS BER S

FERESAFF A2 D, T RO RN, RBAS T & B0 UE P 3 Fr B AR
D (E12), 2 ie NSRS RS 21 [FVR T 51 (5 14X PCS/PCOFIPCI/PC ORI 14 r=4)), H:
K JPH HAG90 bpo ARUESF I IR 1 T FEPE I s IR T AR, EHCRAS T 81K
JE e K MRS CSN-201 19189 bp) 741l Be (5 X PCY/PCLOFIPCL /1814 14 7 1)), 454
232/1GenBank - ffjcyt bR TN T XS 430 (362), HeR 12448 7 i, Hirp AR
52437 15 (singleton variable sites) 3>, 24915 B 5 (parsimony informative sites) 94>, &
W, XSRS ST ISR, Jpiilan 24 A H1~HLS (£2), HAERIHIAIH2 N 3
BLRAEAY TR B A AR A CSN-201 & T FE B A5 AIH L,

£2 FEHMI89 bpFIIME RIS
Table 2 Variable position based on 189-bp fragment

=

BAfET 7 543 14 Variable position

Haplotype | 147 186 196 207 216 394 408 420 426 432 444 468

Hl G T G C G A C A G T C

H2 - - - - - - - - - - -
H3 - - - - - - - G - - -
H4 - - -
H5 - - A

H6 A - -

a0 a0 o0 a4
H
|
|
|
|
>
I
|

H7 A - -
H8 - - - - - - - - G - - -
H9 - - - C - - - - - A - T
H10 A - - - - - - - - - - -
Hil - - - C T - - - - A - -
HI2 - C - - - - - - _ _ _ _
HI13 - - - C - - - T - - - -

H14 - - - C - - - - - - C -

HI5 - - - C - - G - - - - -

2.3 NetworkM & E o4

FI 5 Z)Median-Joining Network /7 & AT T e BRAC 50 . B8 791 M 52 2257 EL L
T A ARG RE i CSN-201 Z R AR FE R 2 eyt bIEH 189 bp i[RIV T 51, A= i fif 24 I 2% &1 (&
3)o MEIHTATLUE 1 3 AR R H L ATH2 6L 1 SRR K ki A FLRf T S 05 Ir B P, 3222l
Hh [ KB 55 55 RN B TR A AL AR, PRI FE B B 2 (R BRI R . Horp 32 AU
FE BRI R, & SRR RS R, BR84S CSN-201 )& TH1; FEHfsRl
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H8G. @
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246 @H9
N
E 3 i S mDNA cyt b189 bp/¥ 4l #4 # iy Median-Joining Network %25 [£]
Fig. 3 Median-Joining Network based on a 189-bp fragment of mitochondrial DNA cyt b gene depicting the

relationships between ancient wild and modern domestic pigs
B A S AR I AR EL, 5 RN S A BUCRIRAE T s S0 RS, MR ARE R, 2L @R
HPR, ORI EIRRE M, M OASRMINSE, RO E RSN HALR, RS hrR) 7055k
FRAL R EAGRAL S, BREHTURAE R Y, O RRERALGATEFI P IS
The haplotypes are symbolized by circles and are separated by one substitutional step. The size of circle is proportional to
the frequency of haplotype. The solid and net circles represent the proportion of this frequency that is made up by domestic
pigs and wild boars, respectively. Ancient Chinese wild boar, Chinese domesticated pigs, European pigs, and Asian except
Chinese pigs are shown in red, yellow, blue, and black, respectively. The specimens from Guangxi are marked by asterisks.
Black and red figures represent haplotype number and variable position, respectively

H2 F 2 i E R R, 8 SCHOR W AR R, AR 20 S 5 HAM PR R R . BR
ARG HOMIHT PN S5 Y, PSS T H3FIHS R H A4 Fir i A

3 e

3.1 HDNAFFIHIA] FEHIEIE

TDNAJEZ DT T8 KM SRR A A AR A A MR R AR 2 G . Fh T 2 P55 [
R, DNAZ S 52 BKM . A4 B S Ve A & A A, A L & iR R Ik
JFHm R R Wik, FEPCRY A2 5 kA= ok A KR 5 75 44 (P4sbo et al., 1989; Cooper
and Poinar, 2000), ZEANSZEG T, A ARSERE S IE DR R A ) JEAE PR DU R AR . 1) AR
REFNFRLIR R, YRR S RE SR 28 S5 gy s A SCIG A o A v 3 R S 5
ZRME . REAE SO KRR . 2) AR AL BERIPCR N IR WL, ARAE L H i DNA
LR E AT, ARSI MR R I AE R S R S 099 . 3) B RS 2D T
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WIS (B IBGRAE 1T ELAE AR SR G R v 5 i5 S7 $R s R HRA ;. #EEA TPCRERAE
F, BB PCRES FIXFIALL, LAWEIUAE 5 (8] 928 SIS YL FIAMIEDNA TS Y o 4) BdE s Hr
B ES), BAGE T RS, PCRY BE A/ T i s 508, ZBLASTA I G
J BAREA, IF HTfsah R —2.

32 TANXBERSMUEARERRSN

FRT#EAT i DNABFSE A AR S A ok A FR AL T T4 . 28X, IR R
Jr, EHIERTTLARGHLIX . FEABETE A, A DS S8 20 P X A R s e il
DNA. {HAERFT7R BT 45 RRE , RS AHE DNARIRES LLBIER, HAZkER
ML AL, HICEAR R BUN K BRI BT DNABHERFS, HRHR I35
Fr BOANBEAE A MR SR R AR BB IE,  w] WIZ L IRAT BB R s AL 47 Fh T DNAZR 1 (A
JUE L U, TTVEHLIX AR BT . AR, R 2R,
XL RERAH T DNARRAF (B I 55, 2006). AL, FIRIFFE YA AR Al AR RIS
SEAZHAE T DN ARSI R 22

33 At XKRBEYHE LS

BRI — E LA AN RN R 2 —, ar A G#ES et T 5
NI 7 1 Z2 3 X S R R U (Giuffra et al., 2000; Larson et al., 2005; Fang and
Andersson, 2006; Wu et al., 2007), fENetwork &1, RRUH 55 W BF 45 A8 43 A7 [7]
—PAAEARY NS 5 N B AR oA [R]— B Y, 150 B U DI YN 28 73301 P R
NI EFFE IR, X5 Kim et al. (2002)F1Fang and Andersson (2006) #7745 H
—, A, BRINFAAERIH T BR T FE 2 A RN AE R G A1, B [ KR A
IRF LSS/ D R TG, BRNZRAY S R A B8 0%, ANREE BRI #8R4TT,
S S R 5482 e 22 () A S R A2 3 1598 % (Jones, 1998; Giuffra et al., 2000; Kim
et al., 2002; Fang and Andersson, 2006),

BATWEFEA) PE S 2257 L L AR RE S AN FE L PR AR U H2 v, 2 S TR R
fERIHL, 55 SR PO AREPRE A 5 S BB AE SR G R i . A9 aR T, BRI Y
WAL AR S a2ty AU BRI S R2 i #8 K (Scandura et al., 2011), R AE /R 5
Bl EARVKIN .40~V R0 ] B L R B, B TR B, RECZETH T oK
R 45 IR XE AT AP EEZE RIS 5K, BA R B s, Bl TAY SR EE
ALY AR R a5 . HA At il 30 T AR R AT, 15 5 e B (Hewitt,
1999) 11 111 ¢ 8 (Sotiropoulos et al., 2007)55 . H. - SCHrid, MM M IR T R 24 b B
¥, RCHE, eSS A S AR (3T ~S T AERT), BN A PR S TP AR s RS
FHRKRIUT, WO KRGS AL 5 5 BEAK, WO EPRE Z [t L oA AR/, Btz el
FEH AT, T PAH I Network X 45 B o i 7 B9 0 AR A6 5 B G RG2S 3R S — 25

JTPEA TR S A R — R VTSR YR T sz (], 3 i IX g Larson
et al. (2010)IA KRS RCIR AR G o M TIIFSE A BTl S ) VU GG RE b R R
kK, —KHETFIRAMFIRS L, H—REHFHEKRD 3. HNetwork M 2% & g7~ 17h
X ZAEPHA ZFAEAY, PIEHEm, ) P9 X S0 0T e Fi AN [ X S MR KA HE
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NFERER R PTG AR . BP0 REPEARAS S B A BAHR AR L, RGOC R
BOT, DT PFEI ST TS A4 ) U AT 2 1 S8 B S SR I T BEBEAT igt 15 TRk

NI M eyt bIENIIBTTE, UESE T 5% 2 S i IRo2 Ul , JF BB P
DTt AREF A 5 BN B PR G0 R T, DN O 32t DX B S0 1) 3t A% Bk T RE A
fix, 5% ﬁL\ﬁM§UW&Lﬂ%E%§M VFSEAT Y P X SR F S TS Y
AR ZE, TSN ) R IR T AR A O T DNA B, Sl py st 5 BAT IR, ﬁéA
JEREDATFE Z BIRERD , FFRIERE Myt bR FPS1, BRI -5 5 5O R IUT 9 (5 R T
Feor i, E—2B 4 7s SR R I D s

Bt P EAFIRHIEICEA R PTRIE AR R P RN B, FEAFER
T RAMF MG EALFR I A E R Foe ST A2 PR T AR KA 8, b
s,
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